1 A 1 L RB flask was charged with quinine (43 g, 120 mmol). A premixed solution of 43 mL acetic acid and 560 mL water was then added. The mixture was heated to 102 °C with stirring for 36 h. The color gradually turns yellow then darkens into a brownish-red mixture. The solution was cooled to rt and slowly transferred to a solution of ethyl acetate and 1M NaOH (to neutralize AcOH) in a 1L Erlenmeyer flask with stirring. 1M NaOH was added until the pH was basic by pH paper. The mixture was then transferred to a S2 separatory funnel and the layers separated. The aqueous layer was extracted with ethyl acetate (x3), the organic layers combined, dried over sodium sulfate, filtered, and concentrated in vacuo. The crude material was then brought up in benzene and cooled for a short time to precipitate some of the unreacted quinine to ease purification. This mixture was filtered and washed with benzene. The filtrate was concentrated and chromatographed using 10% MeOH/89.5% CH 2 Cl 2 /0.5% NH 4 OH. Once all of the product fractions have been concentrated, the purified material was brought up in benzene and concentrated once more to provide pure quinotoxine (R f = 0.15, 10% MeOH/89.5% CH 2 Cl 2 /0.5% NH 4 OH) as a brown oil (28.9 g, 89 mmol, 75% yield). 1 
Bromoquinotoxine:
A fresh solution of sodium hypobromite was prepared as follows: sodium hydroxide (10.68 g, 267 mmol) was dissolved in 180 mL water in a round bottomed flask. The basic solution was cooled to 0 o C and bromine (4.57 mL, 89 mmol) was added with vigorous stirring. The solution turned yellow upon consumption of the bromine. The solution was then allowed to stir for 15 minutes at 0 o C. A round-bottomed flask containing d-quinotoxine (28.9 g, 89 mmol) was charged with 1M HCl (89 mL, 89 mmol) and ether (220 mL) and stirred vigorously. The freshlyprepared solution of sodium hypobromite was then added in a thin stream via addition funnel down the side of the flask. During this time, the yellow biphasic mixture became reddish-brown. Stirring was continued for 10 minutes. The ether layer was then separated, dried over sodium sulfate, and filtered into an Erlenmeyer flask. The flask was stoppered and allowed to stand 24 h in the dark. The reddish-brown solution became yellow with a dark brown residue on the bottom of the flask at the end of this period. The ether was filtered and the solvent was removed by rotary evaporation to yield an unstable yellow oil (19.6 g, 48.6 mmol, 55% crude yield) that was immediately brought forward to the next reaction (if left standing, this yellow oil decomposes into a dark residue). Crude bromoquinotoxine (19.6 g, 48.6 mmol) was dissolved in absolute ethanol (450 mL) and brought to reflux temperature. The reaction mixture was removed from the heat source and 55 mL of a freshly-prepared solution of sodium ethoxide (a stock solution of 2.16M was made from 4.96 g sodium and 100 mL ethanol) was added in one portion. The reaction color changed from yellow to reddish-brown. The solution was allowed to cool to room temperature and quenched through the addition of 1 M HCl solution until pH <3 is achieved as measured by pH paper. The ethanol was removed through rotary evaporation. The aqueous layer was then made basic through the addition of 1M NaOH solution and extracted with ether (x3). The combined organic layers were dried over sodium sulfate, filtered, and concentrated in vacuo to yield a brown oil (13.72 g, 42.5 mmol, 88% crude yield). Crude 1 H NMR shows that both quininone and quinidinone are present as the major compounds with a small amount of impurity (see spectra for comparison). The crude mixture of ketones obtained above (13.72 g, 42.5 mmol) was dissolved in absolute ethanol (210 mL) in a 1 L round-bottomed flask. A freshly-prepared solution of sodium ethoxide (510 mmol, made from 11.72 g sodium and 180 mL ethanol) was added in one portion. Aluminum powder (11.7 g, 434 mmol, aerated as described below) was then added and the flask fitted with a reflux condenser. The mixture was vigorously stirred, brought to reflux temperature and allowed to react for 2 h. The unreacted aluminum was filtered while hot through a fritted funnel and rinsed with ethanol. 1M HCl was then added to the filtrate and the ethanol removed through rotary evaporation. After removal of all of the ethanol, 30% aqueous NaOH was then added until pH >10. Ether was then added and the layers separated. The aqueous phase was extracted with ether (x3) and the combined organic layers were dried over sodium sulfate, filtered, and concentrated to provide 11.3 g of a crude foaming oil. Next, 18 mL of 95% ethanol (1.6 mL/g crude) was then added and the mixture heated to reflux temperature. A separate solution of L-tartaric acid was prepared with 2.62 g L-tartaric acid and 4.2 mL 95% ethanol (232 mg acid / g crude). This mixture was heated to reflux and then added to the hot crude quinine solution. The material was allowed to cool to room temperature. At this time, a small seed crystal of quinine was added and allowed to stand until crystals formed. The crystals were filtered and washed with cold 95% ethanol and dried under vacuum to afford 923 mg quinine as the diquinine-L-tartaric acid salt (5% yield). A portion of the solid was subjected to recrystallization from 95% ethanol to give fine white needles for characterization. In a separate experiment, authentic quinidinone (obtained through oxidation of quinine) was used in the reduction following the same experimental procedure with the following amounts: quinidinone (5 g, 15.5 mmol), Al powder (aerated, 4.18 g, 155 mmol), NaOEt (2.85 M, 69 mL, 187 mmol), EtOH (absolute, 125 mL). Selective crystallization took place with 10 mL 95% ethanol and 1.4 g L-tartaric acid in 95% ethanol. The hot solutions were added together, cooled, and seeded with a trace of commercial quinine to yield 625 mg diquinine-L-tartaric acid (1.56 mmol, 10% yield) upon filtration. Quinidinone (200 mg, 0.62 mmol, obtained through oxidation of quinine) 4 was placed in a 25 mL round-bottomed flask and dissolved in ethanol. Sodium ethoxide (2.6 mL, 7.44 mmol) was then added. Aluminum powder (171 mg, 6.33 mmol) from a freshly-opened bottle (Aldrich) was then added in one portion and the mixture was heated to reflux temperature with stirring. The reaction was allowed to proceed for 2 hours at which time the material was filtered while hot through a glass fritted funnel. The aluminum was then washed with ethanol. The filtrate was quenched through the addition of 1M HCl until a pH <3 was reached as measured with pH paper. Ethanol was then removed under reduced pressure with warming. 30% sodium hydroxide was then added to the remaining mixture until pH >10 was reached as measured by pH paper. The mixture was then extracted with ether (x3), dried over sodium sulfate, filtered, and concentrated in vacuo. 4 was placed in a 25 mL round-bottomed flask and dissolved in iso-propanol (10 mL). Aluminum iso-propoxide (1.3 g, 6.2 mmol) was added and the mixture was heated to reflux temperature with stirring. The reaction was allowed to proceed for 48 hours. The reaction was quenched as described above. A mixture of quinine and quinidine (55 mg, 0.17 mmol, 1.4:1 by 1 H NMR analysis) was obtained in combined 28% yield.
Lithium Aluminum Hydride Reductions:
Quinidinone (200 mg, 0.62 mmol) 4 was placed in a 25 mL round-bottomed flask, dissolved in ether (10 mL), and cooled to either 0 o C, -78 o C or left at rt depending on the experiment. Lithium aluminum hydride (118 mg, 3.1 mmol) was added and the reaction was allowed to proceed for 1 hour at the temperature. The reaction was then quenched with very slow addition of 1M HCl and stirred to dissolve any salts. 30% NaOH was added and the mixture was extracted with ether (x3). The combined organic layer was dried over sodium sulfate, filtered, and concentrated under reduced pressure. Flash column chromatography as described above provided quinidine (120 mg, 0.37 mmol) in 59% yield for the reaction run at 0 o C; provided quinidine (90 mg, 0.28 mmol) in 45% yield for the reaction run at -78 o C; and provided quinidine (112 mg, 0.35 mmol) in 56% yield for the reaction run at rt.
Lithium Aluminum Hydride Reduction with epimerization:
Quinidinone (100 mg, 0.31 mmol) 4 was placed in a 25 mL round-bottomed flask, dissolved in ethanol (10 mL), and treated with sodium ethoxide (2.85 M, 1.3 mL, 3.72 mmol). This was allowed to stir for 15 minutes at which time the reaction was quenched as described above. The crude mixture of ketones was then dissolved in ether (10 mL) and cooled to 0 o C. Lithium aluminum hydride (118 mg, 3.1 mmol) was added and the reaction was allowed to proceed for 1 hour. The reaction was then quenched with very slow addition of 1M HCl and stirred to dissolve any salts. 30% NaOH was added and the mixture was extracted with ether (x3). The combined organic layer was dried over sodium sulfate, filtered, and concentrated under reduced pressure. Flash column chromatography as described above provided a mixture of quinine and quinidine (40 mg, 0.12 mmol, 1:1.5 by 1 H NMR analysis) in combined 40% yield.
